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REPLY COMMENTSOF VERIZON

Verizon strongly supports both licensed and unkegehspectrum opportunities in the
United States as a platform for 5G and other ade@mareless services. We will turn up our 5G
Ultra Wideband mobility service in Chicago and Maapolis on April 11, and will launch more
than 30 markets this yearMillimeter wave spectrum serves as the corneestdrihe network,
which will provide download speeds that are sigaifitly faster than 4G and carry a massive
amount of data for a large number of simultane@essiand use casedWide-area licensed
spectrum is fundamental to Verizon’s multibillioolér investment in 5G, and mid-band
spectrum will be a key element given its coverageabilities and wide channelization. As

highlighted in our comments, unlicensed spectruaiss a vital and growing part of our network

! Press Release, Verizovierizon 5G Mobility Service and Motorola 5G smadph are here
(Mar. 13, 2019)https://www.verizon.com/about/news/verizon-5g-mitypiservice-and-
motorola-5g-smartphone-are-here

2 Press Release, Verizovierizon adds third 5G smartphone in 2QE&b. 24, 2019),
https://www.verizon.com/about/news/verizon-addsetfig-smartphone-201 Kyle Malady,
Verizon NewsThere’s 5G, then there’s Verizon 5G Ultra Wideb&8dpt. 11, 2018),
https://www.verizon.com/about/news/theres-5g-theards-verizon-5g-ultra-wideband




and our customers’ wireless experience. We regactiieved a 1.45 Gbps wireless connection
in a live commercial environment using a combinatié licensed and unlicensed spectrim.

The record demonstrates that the 6 GHz band afier€ommission a unique
opportunity to promote both licensed and unlicensssl of this valuable mid-band spectrum.
Verizon agrees with those commenters who suppogkelusive-use licensing regime in the
upper portion of the 6 GHz band to help addresgtbeing need for more licensed mid-band
spectrum and favors a spectrum sharing regimeeifotlier portion of the 6 GHz band that
permits unlicensed operations while protecting mbant licensed services. With 1,200
megahertz of spectrum in the 6 GHz band, the Cosiomsan provide meaningful new
opportunities for both licensed and unlicensed spatuse while ensuring that incumbent
licensed services are protected or relocated, @oppate.

l. INTRODUCTION AND SUMMARY

Mid-band spectrum is imperative for 5G becauseihigsines favorable propagation
characteristics with the potential for wider chdrivendwidths. Spectrum in the 6 GHz band
affords opportunities to introduce unlicensed openaand address the dearth of licensed mid-
band spectrum for 5G and other next-generation@En the United States. The Commission
should pursue both in this proceeding.

To address the critical need for additional midsbacensed spectrum, Verizon urges the
Commission to build on the record in this procegdg issuing d&urther Notice of Proposed

Rulemakingo license spectrum in the upper 600 megahertmopmoof the 6 GHz band (6.525-

% Press Release, Verizoverizon, Nokia and Qualcomm use LTE Advanced téohpof six
carrier aggregation to reach 1.45 GbfSept. 27, 2018https://www.verizon.com/about/
news/verizon-nokia-and-gualcomm-use-lte-advanceldr@ogy-six-carrier-aggregation-reach-

145-gbps




7.125 GHz). AFurther Noticeneed not delay FCC action on a spectrum sharmigeethat
introduces unlicensed opportunities in the lowetipo of the band while protecting
incumbents. While the recent proposal to repurgpgetrum in the 3.7-4.2 GHz band for
licensed use is an important step, it alone doéesadluce the urgent need for additional licensed
mid-band spectrum to support 5G services.

In a licensed framework, auction winners would cengate incumbents for relocation to
comparable facilities, pursuant to the Commissid@rigerging Technologigmlicies. The
Commission has decades of experience relocatingribent licensees to new spectrum. The
FCC should work with NTIA and include in tikairther Noticethe band above 7.125 GHz,
currently allocated to federal use only, as a pgaerelocation band, as several commenters
propose.

At the same time, Verizon agrees that spectrumrgipand unlicensed opportunities are
important pieces of the wireless puzzle, as theyfisee more spectrum for commercial use than
would otherwise be available and advance yet morevation. But they can do so only as long
as incumbent operations in the band are protectéé. key to promoting unlicensed use in the 6
GHz band is a sharing model that protects incunsbgmbough a cloud-based, IP-connected
Automated Frequency Coordination (“AFC”) manag€&he record shows that active AFC
management of unlicensed access points by necasBitnpose some costs to ensure
incumbent protection, but, when coupled with regigtn requirements, they will also enable
greater security and protection and allow for high@wered unlicensed use.

Proposals that would allow some devices to opeviateut AFC control present
unacceptable interference risks. In particulag, @ommission should refrain from adopting the

proposal to allow low power indoor (“LPI”) devicésoperate without AFC in any 6 GHz sub-



bands, or to allow “very-low-power” devices to ogker indoors or outdoors without AFC
control. Such device operations would risk intexfee to licensed fixed point-to-point backhaul
and electronic news gathering incumbents and woolde the best use of valuable mid-band
spectrum.

By advancing licensed and unlicensed uses in {Gél6 band, the Commission can
promote widespread and varied innovation and imrest. Both approaches will help ensure
that the United States continues to lead the wiarlls and next generation wireless
technologies and services.

. THE COMMISSION SHOULD PURSUE LICENSED OPPORTUNITIESIN THE

UPPER PORTION OF THE 6 GHzBAND TO HELP MEET THE CRITICAL
DEMAND FOR MID-BAND SPECTRUM

Verizon agrees with those commenters that ide6ti®Hz spectrum as a unique
opportunity—and one of the only viable options—ifoid-band licensed spectriinEven as we
explore new opportunities for unlicensed use, dm®rd confirms that the United States must
quickly introduce a significant amount of mid-basykctrum for flexible, exclusive-use licenses
to win the race to 5&.In this case, that means issuingather Notice of Proposed Rulemaking
to consider a licensed framework in the upper partif the 6 GHz ban@l.As the Commission

has found, “it is optimal to include a balanceioéhsed rights and opportunities to operate on an

* Comments of CTIA, ET Dkt. 18-295, at 5-7 (Feb. 2619) (“CTIA Comments”); Comments
of Ericsson, ET Dkt. 18-295, at 13 (Feb. 15, 2Q1Bjicsson Comments”).

® SeeCTIA Comments at 3-4; Ericsson Comments at 2,88n@ents of Verizon, ET Dkt. 18-
295, at 2-3, 12-14 (Feb. 15, 2019) (“Verizon Comtagnsee alscComments of AT&T, ET

Dkt. 18-295, at 20 (Feb. 15, 2019) (“AT&T Comment&upporting FCC efforts to “develop a
spectrum pipeline that will allow licensed and oehsed broadband services to keep pace with
the explosive growth in consumer and businessditands”).

® SeeCTIA Comments at 9-10.



unlicensed basis in order to meet the country’&less broadband needs.This general
approach should guide the Commission’s consideratidghe 1,200 megahertz of 6 GHz
spectrum, especially in light of the dearth of rhb@iad spectrum options.

A. The Record Showsthat the Upper Portion of the 6 GHz Band IsIdeally

Suited to Address U.S. Requirementsfor More Licensed Mid-Band
Spectrum for 5G.

The Commission should seize the opportunity inpheceeding to address the scarcity
of licensed mid-band spectrum, as the race for a@amts further consideration of whether to
make a portion of the 6 GHz band available forrgsd use. First, the record confirms that mid-
band spectrum is important for next-generation lvg® services like 5G given the combination
of favorable propagation characteristics and th@dpinity for wider channelization in mid-
band frequencie%.Mid-band spectrum delivers much higher peak dates than low band
spectrum. And while mid-band spectrum does n@rdfie capacity available with millimeter
wave frequencies, it does provide more coverage.

Second, nations around the world are outpacing &ff&:ts to make licensed mid-band
spectrum availablg. For example, Japan, South Korea, Spain, and titedJKingdom have
auctioned or assigned substantial amounts of nmd-ispectrum since 2018—with South Korea

auctioning almost 300 megahertz of mid-band spetiruJune 2018 and Japan committing 500

’ See Use of Spectrum Bands Above 24 GHz For Mohd@FServicesReport and Order and
Further Notice of Proposed Rulemaking, 31 FCC R&488062 (2016) Spectrum Frontiers
R&O and FNPRNM).

8 SeeCTIA Comments at 3; Verizon Comments at 12-5% also Expanding Flexible Use in
Mid-Band Spectrum Between 3.7 and 24 @GMatice of Inquiry, 32 FCC Rcd 6373, 6375 § 6
(2017) (‘Mid-Band NOT).

® SeeVerizon Comments at 13 (citing CTIAhe Global Race to 5Git 7-8 (Apr. 2018) (“Global
Race Report”)https://api.ctia.org/wp-content/uploads/2018/044bew5G-Report.pdf CTIA
Comments at 4-5; Ericsson Comments at 7-8.




megahertz of mid-band spectrum to 5G this sptih@ther countries, including China,
Australia, and Germany, will assign additional romiRd spectrum by June 2019; China has
committed to release nearly 500 megahertz of mitdlsectrum and Germany plans to
designate 400 megahertz in the first half of 281The U.S., by comparison, is now in sixth
place out of ten countries in terms of mid-bandcspen availability*?> To avoid falling behind
in 5G, the Commission should waste no time in n@akimilarly large swaths of mid-band
spectrum available for licensed 5G services.

Third, the FCC needs to identify additional licethgrid-band spectrum beyond the 3.5
GHz and 3.7-4.2 GHz bands. While Verizon is cortedito optimizing the opportunity in the
3.5 GHz band, a maximum of 40 megahertz of licerspadtrum is available to a single provider
in each market, and the three-tiered spectrum acegéme severely restricts power levels for
wide-area 5G deploymeft. Further, as the 3.7-4.2 GHz rulemaking examirms imuch of that
band can be repurposed for licensed use, the ineningatellite operators at present are
proposing to make available just 180 megahertidensed service¥'

Ultimately, the 6 GHz band is so important becauapa#t from the efforts underway in

the 3 GHz band—there are no other clear licenspigos available in the spectrum from 3 to

19 SeeDavid Abecassis et aMid-Band Spectrum Global Updat&nalysys Mason, at 1-2 (Nov.
2018) (“Analysys Report™jattached tdReply Comments of CTIA, GN Dkt. No. 18-122 (Dec.
11, 2018).

" Analysys Report at 1-3.
12 SeeGlobal Race Report at 11.

13 SeeCTIA Comments at 6 (citinGommercial Operations in the 3550-3650 MHz BaRelport
and Order and Second Further Notice of ProposeenRalking, 30 FCC Rcd 3959, 3982 1 67
(2015)); Ericsson Comments at 2.

14 SeeEricsson Comments at 8 (citing C-Band Alliance Psap Fact Sheet: October 22 Update,
at 1 (Oct. 2018)https://c-bandalliance.com/wp-content/uploads/20020181022-200-MHz-
FactSheet-Clean-and-Final.pd€TIA Comments at 6.




24 GHz. As Ericsson has explained, “[p]resentigré isno large swath of mid-band spectrum
available for licensed macro 5G service in the US.

Identifying additional licensed mid-band spectrgpresents a tremendous economic
opportunity for the United States. The record shtvat making 400 megahertz of mid-band
spectrum available over seven years will produd&®$iillion in wireless investments and 1.3
million new jobs, while also adding $274 billionttee Nation’s gross domestic proddttThe
Commission must not forego the 6 GHz licensing opputy.

B. The Commission Should Launch a Rulemaking to Make Licensed Use
Available in the Upper Portion of the 6 GHz Band.

Given this record evidence, the Commission shoutdye flexible, exclusive-use
licensing in the upper 600 megahertz portion of@lgHz band—specifically, 6.525-7.125
GHz—to make more mid-band spectrum available fobiladoroadband and 5G. To do so,
Verizon agrees with CTIA and Ericsson that the Cassian should promptly issueFarther
Notice of Proposed Rulemakiimgthis proceeding’

The question of flexible-use licensing in the 6 G¥énd is not new, as stakeholders
raised the issue in response to the 2did-Band NOlas well as in the comment record here.
While theNOI generally focused on licensed use in the 3.7-H2 Band and unlicensed use in

the 6 GHz band, it identified the potential forelised broadband services in the 6 GHz Band.

15 SeeEricsson Comments at 2 (emphasis in origirsdy alscComments of Ericsson, GN Dkt.
No. 17-183, at 10 (Oct. 2, 2017) (“Ericsson NOI Goemts”) (“There are at present limited
opportunities for non-federal mobile allocationsvieen 7- 24 GHz, and so the Commission
should take a close look at the 6.425-7.125 GHd llanmobile service.”).

16 SeeCTIA Comments at 3-4.
17 See idat 9-10; Ericsson Comments at 4, 13.

18 See Mid-Band NQB2 FCC Rcd at 6383-84 { 31 (seeking comment @nthe 5.925-6.425
GHz band “could be used for licensed fixed and hedtrioadband services”).



Commenters responded by calling for licensing enupper portion of the band. T-Mobile, for
example, explains that “[w]hile the 3.7-4.2 GHarsimportant first step to support licensed
mobile wireless broadband, additional spectrunmeesded to support 5G services,” and thus the
Commission should consider “making some or al6o#25-7.125 GHz] band available for
licensed mobile broadband usé.ndeed as CTIA observé3the Mid Band Spectrum
Coalition—a group of licensed and unlicensed stald#rs—expressly noted that there were
multiple viewpoints on the upper portion of the B5oand, with some coalition members
believing it is best suited for licensed use arwert favoring unlicensed. The need for more
flexible use licensed spectrum in the mid-band asarapparent than ever before, and the
Commission can rely on thi¢OI record to launch another rulemaking, just asdtvdith the
instantNotice

Importantly, Verizon agrees that a licensed inig&in the 6.525-7.125 GHz portion of
the band should not delay progress on introducimigensed opportunities in the lower portion
of the band. As CTIA notes, while the FCC explanew licensed use cases for the upper
portion of the 6 GHz band inFurther Notice it can “move ahead and adopt a new spectrum
sharing regime in the lower portion ... that allowsiecensed operations while protecting

incumbent licensed use&”

19 Comments of T-Mobile USA, Inc., GN Dkt. No. 17-188 18 (Oct. 2, 2017) (“T-Mobile NOI
Comments”)see alsdReply Comments of the Competitive Carriers AssamtGN Dkt. No.
17-183, at 7-8 (Nov. 15, 2017) (joining “numeroasenenters encouraging the Commission to
explore licensed use of the [6.425-7.125 GHz] BaindJuding “whether some or all of the band
should be reserved for licensed mobile broadbandcss”).

20 SeeCTIA Comments at 8.

1 SeeComments of the Mid-Band Spectrum Coalition, GN.D¥b. 17-183, at 14 (Oct. 2,
2017).

22 5eeCTIA Comments at 9-10.



C. Commenter s Recognize that New Wide-Area Licensees M ust Relocate
Incumbentsor Otherwise Ensure Their Interests Are Accommodated.

Unlike the spectrum sharing regime envisioned fdicensed access in the 6 GHz band,
an exclusive-use licensing framework with wide-dreanses requires new entrants either to
clear and relocate incumbent licensees or otherstie® that new wide-area services will not
affect the remaining incumbents’ services. Commeentalling for licensing in the 6 GHz band
correctly recognize that incumbent licensees mesniade whole?

For example, Verizon concurs with CTIA and Ericstleet Fixed Service (“FS”) point-
to-point incumbent licensees and Broadband Auxiliervice (“BAS”) and Cable Television
Relay Service (“CARS”) incumbents in the band wondetd to be relocated, a process the
Commission has overseen before pursuant to thérexismerging Technologigsolicy.?*

Under that policy, winning auction bidders fundoegtion of incumbent users to comparable
facilities in different frequencies or transmissimedia?®> TheFurther Noticeshould explore
how winning auction bidders can relocate and accodate FS, BAS, and CARS licensees to
comparable facilities.

Separately, there also are limited Fixed Sateli¢evice (“FSS”) licensed uses in the

upper portion of the band that likely would notuggq relocation. As CTIA notes, the FSS

23|d. at 10-13seeEricsson Comments at 14.
24 SeeCTIA Comments at 2, 10-12 : Ericsson Comments at 14

> Seee.g, Redevelopment of Spectrum to Encourage Innovatitre Use of New
Telecommunications Technologi€&arst Report and Order, 7 FCC Rcd 6886 (1992)pSé
Report and Order, 8 FCC Rcd 6495 (1993); Third Regad Order, 8 FCC Rcd 6589 (1993);
Memorandum Opinion and Order, 9 FCC Rcd 1943 (1,99d¢ond Memorandum Opinion and
Order, 9 FCC Rcd 7797 (1994¥f'd APCO v. FCC76 F.3d 395 (D.C. Cir. 1996pJan for
Sharing the Costs of Microwave Relocatiéirst Report and Order, 11 FCC Rcd 8825 (1996);
Second Report and Order, 12 FCC Rcd 2705 (1997mdfi@ndum Opinion and Order on
Reconsideration, 15 FCC Rcd 13999 (208@g generallyt7 C.F.R. 88 101.69-82.



incumbents are largely licensed for earth-to-smgerations that would not be affected by
nearby commercial mobile and fixed servié®and new Commission rules could establish
protection zones around the few space-to-earthatipes licensed in the bal.While some
commenters have expressed concern about the poteifieict of aggregate interference from 5G
devices to satellite®,the Commission considered similar issues ingpectrum Frontiers
proceeding and concludetlw]e do not believe that aggregate interferencenflUMFUS
transmitters will ever reach a level that harmsdperations of the 28 GHz satellite systeRTs.”

In sum, although incumbent uses of the upper podidche 6 GHz band vary, the
Commission can employ time-honored approachesdonamodate these uses while optimizing
the amount of upper 6 GHz band spectrum made &aitar flexible-use licenses. Doing so
will help unlock investment and innovation, benebinsumers, accelerate economic growth, and
strengthen U.S. global competitiveness.

D. The Commission Should Explore Adding a Non-Federal Allocation to the
7.125-8.5 GHz Band as a Potential Relocation Band.

As proposed by CTIA and Ericsson, the Commissiaulkhconsider whether incumbent

licensees in the upper portion of the 6 GHz bamdbsaaccommodated (by updating the Table of

26 SeeCTIA Comments at 13ee alscEricsson Comments at 16.
27 SeeCTIA Comments at 13.

8 See, e.g Comments of Globalstar, ET Dkt. 18-295, at 1db(FL5, 2019); Comments of
Intelsat License LLC and SES Americom, Inc., ET.0I8-295, at 1-2, 5-8 (Feb. 15, 2019)
(“Intelsat/SES Comments”); Comments of NCTA, ET Di&-295, at 5 (Feb. 15, 2019);
Comments of Sirius XM Radio Inc., ET Dkt. 18-29618-11, 18-20 (Feb. 15, 2019).

29 Spectrum Frontiers R&O and FNPRI@1 FCC Rcd at 8117 n.775. The Commission noted
that any increase in noise level due to aggregéteference would develop “over a period of
years as UMFUS systems are deployed,” and thdtstod time would allow satellite operators
to monitor the noise level at the satellite recesviand inform the Commission before the
satellite receiver performance is impactettd! The same is true with respect to the deployment
of 5G devices in the upper 6 GHz band.

10



Allocations) in the spectrum band starting at 7.G¥5° Non-federal access to the 7 GHz
allocation is not a new issue. The Fixed Wireléesnmunications Coalition (“FWCC”) filed a
petition for rulemaking in 2010, seeking non-fedeshared use of 7125-8500 MHz for fixed
applications, which remains pending before the Casion®' More recently, while théid-
BandNOI focused on bands allocated for exclusive non-ddershared use, commenters
nonetheless called for adopting new shared usel@678.5 GHZ? Building on this record, the
Commission should engage with NTIA and other stakrs to explore new licensed shared
use of 7.125-8.5 GHz, including as a potentialcalmn band for licensed operations cleared
from the upper portion of the 6 GHz band.

The record explains that the 7.125-8.5 GHz bamaiticularly well suited to
accommodate non-federal FS operations. As CTlA&Mes, this federal-only band is currently
underutilized, as demonstrated by an NTIA studfedéral use of the band in specific mark&ts.
Further, non-federal FS “could be easily coordiddteoperate” because “there is no difference

in the technical parameters of non-federal FSwstatas compared to the federal FS statichs.”

30 5eeCTIA Comments at 13-16; Ericsson Comments at 15.

31 Fixed Wireless Communications Coalition, PetitionRulemaking, RM-11605 (Mar. 16,
2010).

32 See, e.g Comments of AT&T Services, Inc., GN Dkt. No. 183, at 18-19 (Oct. 2, 2017)
(“AT&T NOI Comments”) (recommending that the FCOnsader 7.125-8.4 GHz as an
alternative to 6 GHz for licensed/unlicensed mobieadband); Ericsson NOI Comments at 9-
10 (proposing that the 7.125-8.5 GHz band be shaiddnon-federal point-to-point links); T-
Mobile NOI Comments at 21 (encouraging the FCQtw$ on fixed service in 7.125-8.4 GHz);
Reply Comments of CTIA, GN Dkt. No. 17-183, at 18{Nov. 15, 2017) (urging the FCC to
work with NTIA to make 7.125-8.4 GHz spectrum arsllaband, including for point-to-point
microwave operations); Reply Comments of PacifiC&N Dkt. No. 17-183, at 8-9 (Nov. 15,
2017) (advocating that the FCC take steps to gtlablic safety and point-to-point systems in
the 7 GHz band).

33 CTIA Comments at 13-14.
341d.; see alscEricsson Comments at 15.

11



It is possible that some antennas may only hate tetuned rather than replaced. And in the
event relocated incumbent antennas must be replacgdikely more a matter of swapping out
antennas rather than having to find new intermediaps (as might be the case if relocating to
higher bands, like 11 and 14 GHz).

1.  THE RECORD SUPPORTSUNLICENSED USESIN THE LOWER 6 GHz

PORTION OF THE BAND, SUBJECT TO AN AUTOMATED FREQUENCY
COORDINATION REGIME THAT PROTECTSINCUMBENTS

As we explained in our initial comments, Verizoraiso committed to opening up
unlicensed opportunities in the 6 GHz band, sulijeein AFC-driven spectrum access
framework that will protect incumbent licensed segg. As discussed below, that framework
necessarily imposes some costs to provide foragbers protection of incumbent licensed
services, but it offers tangible benefits as welkely, allowing new unlicensed devices to
operate at higher power levels for more intenseeadficient spectrum use. The Commission
should reject proposals to allow some unlicensettds to operate in the band without AFC
control, which would increase interference risk.

A. Spectrum Sharing between Licensed Incumbent and Unlicensed Uses

Requires an Interference Protection Regime that Necessarily Imposes Costs
on Unlicensed Stakeholders.

A spectrum sharing regime in the 6 GHz band repitsse vastly different model than the
Industrial, Scientific and Medical (“ISM”) bands—Q0/Hz, 2.4 GHz, and 5.8 GHz—where
unlicensed exploded onto the scene with only spdepédoyment of licensed uses requiring
protection. In those bands, innovatireexpensive devices emerged and flourished, subjdgt
to minimal Part 15 technical parameters. Here,év@n, mission-critical microwave operations
are extensive, and new unlicensed uses must eéutden of protecting important licensed

incumbent operations from harmful interference. mMave forward, unlicensed proponents

12



should embrace the AFC mechanism and positive albagra means to open the exciting
spectrum opportunity that is 6 GHz. Doing so & phnice of admission to the 6 GHz band.

As it did for the 3.5 GHz Citizens Broadband RaS&vice (“CBRS”)*° the FCC should
embrace a spectrum access regime that exertsvpositntrol on all non-licensed operations
(General Authorized Access (“GAA”) in 3.5 GHz orligensed in 6 GHz). This is not to say
that the complex Spectrum Access System (“SAS”)i&nvnental Sensing Capability (“ESC”)
coordination process for 3.5 GHz is warranted en@iGHz band. As Verizon explained in its
comments, the complexity of that approach was driwefactorsnot present in the 6 GHz band
(notably, the complicated issues associated witkepting the Navy radar operations and the
need to coordinate incumbent uses with two clasbaew entrants)® Rather, it is an example
where the Commission imposed checks on new entrarfésilitate sharing with incumbents,
and these checks impose costs.

Some unlicensed proponents, however, balk at Hrgdigm and argue that imposing
AFC coordination requirements on indoor and/or fmwer unlicensed devices is unnecessary
and more costly. Boeing, for example, statesthblil-5 and U-NII-7 devices should be
allowed to operate indoors without the use of AlCause “[s]uch action would substantially

reduce the costs” of devices that are designedydoleindoor use€’ But as CTIA explains, “If

3% See Commercial Operations in the 3550-3650 MHz B@nder on Reconsideration and
Second Report and Order, 31 FCC Rcd 5011 (2016).

36 SeeVerizon Comments at 9-10.

37 Comments of the Boeing Company, ET Dkt. 18-29%, @eb. 15, 20195eeComments of

the Friday Institute for Educational InnovatiorNairth Carolina State University Comments, ET
Dkt. 18-295, at 4 (Feb. 15, 2019); Comments of HE.,, ET Dkt. 18-295, at 3-4 (Feb. 15,
2019); Comments of Open Technology Institute at Memerica, American Library Association,
Consumer Federation of America, Consortium for $thietworking, Public Knowledge, and
Access Humboldt Comments, ET Dkt. 18-295, at 2(FEb. 15, 2019) (“Public Interest

13



the cost of designing and manufacturing indoor s€p®ints increases as a result of the AFC
requirements, this is simply the nature of the negpent that unlicensed devices not cause
harmful interference to licensed services. Thescasd burdens of protecting incumbents must
be borne by the unlicensed ugg.”

B. Many Commenters Agree that Positive AFC Control Will Protect
Incumbents While Enabling Higher Powered Unlicensed Access Points.

The record demonstrates that, if done properlAlG control system can manage
unlicensed operations while protecting 6 GHz incanib from harmful interference. An AFC
should, at a minimum: (i) be a positive, centralizentroller able to select the appropriate
channel allocation and/or power level for a requgsaccess point; (ii) apply across all portions
of the band made available for unlicensed use déggs of outdoor or indoor location; and (iii)
require access point registration necessary tavechannel assignments, protect against
interference, and enable enforcement if requirBlde record also shows that positive AFC
control allows for higher powered unlicensed usih technical rules based on power spectral
density (“PSD”). Each of these is discussed below.

Commenters support using a closed-loop control egsto manage unlicensed use in
the 6 GHz band.The record shows that the key to promoting unkeel use in the 6 GHz band
is a sharing model that protects incumbents thraugloud-based, IP-connected AFC manager.

Unlike traditional unlicensed approaches that imedtee-standing unmanaged devices, the AFC

Organizations Comments™ege alsatComments of the Computing Technology Industry
Association, ET Dkt. 18-295, at 2 (Feb. 15, 2019).

38 CTIA Comments at 20.

14



should use a “closed loop” network framework thagipvely controls unlicensed radio access to
the band and thereby protects incumbent operatio@ther commenters share this view.

Sony, for example, explains that the AFC systenukhose a centralized model where
all data are located and computations occur imgaiocation or the cloud, rather than
distributed among access poifitsMotorola similarly indicates that cloud-based AFC
mechanisms should be employed to effectively sti@apectrum and allow timely and
universal update¥. And Ericsson concurs that any AFC system showlihtain positive control
of frequency usage, such that every co-channetemdied access point obtains a list only of
available frequencies and permitted transmit pdveen the AFC, informed by the given access
point’s location and the locations of the incumbler@nsed receivers and their technical
parameter§?

AFC centralization affords a number of advantagekl@nefits, including the capability
to update and standardize propagation models andaff distances; the potential to include
aggregate interference calculation effects; fewens for the Commission to test and certify;
and the ease of upgrades and continued compliaraedime. These benefits would be lost
under a decentralized approach with many autonom@ocesss points running their own
firmware/software, where each access point manufachas its own engines and upgrades. We
expand on these points with respect to unmanagkxbmand very-low-power unlicensed

proposals in Section I11.C below.

39 Verizon Comments at 4-5. Verizon also recommeribatithe FCC test and certify AFC
designs to ensure positive control capabilitieshdhat unlicensed devices may operate only
under the command of the AFGee idat 7.

0 Comments of Sony Electronics Inc., ET Dkt. 18-2852-4, 5 (Feb. 15, 2019).
*1 Comments of Motorola Solutions Inc., ET Dkt. 1828t 2-3 (Feb. 15, 2019).
%2 SeeEricsson Comments at 3, 20.
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Importantly, the record shows that requiring an AB@perate as a centralized system
will reduce the potential for malfeasance assodiatith some prior database effotfsAs
Verizon has explained, those prior efforts inclirderference to Terminal Doppler Weather
Radar (“TDWR”) systems from autonomous U-NII degicdespite rules that required those
devices to incorporate an interference mitigateshhique called Dynamic Frequency Selection
(“DFS”).* In that case, third parties modified softwarefigumations or hardware settings, or
the original equipment manufacturers altered firmana parameters, to enable operation in
frequency bands other than those for which thecdsvinad been certified or without properly
implementing the mandated scanning protocols. 18itpj the television white space (“TVWS”)
database remains more of a standalone registiatamness that is unable to prevent harmful
interferencé® These examples illustrate failure modes for awmtaous radios that a closed-loop
AFC would avoid.

The record confirms that unlicensed access poirttesld be registered before
receiving channel assignmentsCTIA, for example, states that all access omtst be
required to register with the AFC by providing sci#nt information—including FCC ID of the
device, manufacturer’s serial number, geographizdioates, antenna height, name of the
device owner, and contact information—to ensur@awctability in the event of harmful

interferencé?® Registration with the AFC system helps assurtfication, support security

43 5eeCTIA Comments at 20.
44 geeVerizon Comments at 7-8.
4° See idat 8-9.

6 CTIA Comments at 1%ee alsAAT&T Comments at 18-19; Comments of APCO
International, ET Dkt. 18-295, at 6 (Feb. 15, 20¢8PCO Comments”); Comments of Viaero
Wireless, ET Dkt. 18-295, at 2 (Feb. 15, 2019) &&i Comments”).
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methods, track down problems, and avoid spoofirgramcompliancé’ Critically, registration
with the AFC (and positive control) allows the AE&vet the access point device for erroneous
or false locations and, in the event of harmfutiiférence, to aid in tracking down or turning off
bad device&® In contrast, unregistered devices would be masHeér to identify, track down,
and shut off if they become non-compliant or canserference.

The record shows that use of the AFC system shapgly across all portions of the
band made available for unlicensed shared use—betitdoors and indoors Numerous
commenters share Verizon’s view that AFC shouldyafapall access points, whether located
outdoors or indoors and regardless of power [&/&omsearch, for instance, explains that
“coordinated control of all unlicensed devicesha 6 GHz band ... is necessary to effectuate
sharing in a way that provides reliable protectmfixed microwave incumbents while making
available new spectrum opportunities for unlicenssetrs.>® CTIA similarly indicates that the
AFC should apply to all access points to ensuréegption of incumbent FS operations, noting

that the FWCC has shown that indoor devices eveargtlow power levels pose an interference

4T SeeAPCO Comments at 6: Verizon Comments at 5-6.

8 SeeAT&T Comments at 18-19; Comments of the City of l&rgeles, ET Dkt. 18-295, at 13,
15 (Feb. 15, 2019) (“Los Angeles Comments”); Veniftomments at 5-6; Viaero Wireless
Comments at Zee als®Comments of Comsearch, ET Dkt. 18-295, at 23 (E&p2019)
("*Comsearch Comments”) (recommending that AFC apesahave “kill switch” authority).

9 See, e.g Comments of Alteros, Inc., ET Dkt. 18-295, at(E8b. 15, 2019) (“Alteros
Comments”); CTIA Comments at 20; Comsearch Commaints Intelsat/SES Comments at 12;
see als®Comments of NXP USA, Inc., ET Dkt. 18-295, at 8lfF15, 2019) (stating that the
FCC should designate a spectrum access mechanist tmlicensed stations in the 6 GHz
band to overcome interference to UWB); Motorola @ments at 6 (noting because there is no
way to restrict the operating location of lower mywlevices in the U-NII-6 and U-NII-8 bands,
they should be required to access an AFC function).

50 Comsearch Comments at 1.
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threat and that all devices therefore require doatibn>* The record also shows that after
interference has been reported, the AFC must leetaldhut down those operations or shift the
unlicensed station to another chartfeAs noted above, the 3.5 CBRS rules do not allwoor
or low power GAA operations independent from theSESC framework, and the Commission
should apply the same approach here.

The record confirms that active AFC management oflicensed access points will
allow for higher powered unlicensed usd.ike Verizon, other commenters recognize thateh
is no need to restrict AFC-controlled access pdmtsie current extremely low Part 15 power
levels to avoid the threat of interference to otlngers (either licensed or unlicensed) in a shared
band. CTIA, for example, urges the Commissionawstder higher power levels for outdoor
operations because of (i) the AFC’s capabilitiesdotrol unlicensed operating parameters
specific to interference protection for each indual incumbent licensee’s operations, and (ii)
the sophistication of directional antennas that mayleployed® Similarly, public interest
groups recognize that higher power limits for ogtdoperations under the control of an AFC
could promote rural broadband.

The record includes support for power limits defméy PSD, similar to 3.5
GHz/CBRS In its comments, Verizon recommended that th€ EGnsider adoption of a PSD
limit —e.g, 50 dBm/20 megahertz—rather than a single pogezl| explaining that a higher

power spectral density limit will promote rural ldband and services that require coverage of

51 CTIA Comments at 20.
525ee idat 19
53 See idat 20.

>4 SeePublic Interest Organizations Comments at 21; Contsnef Starry, Inc., ET Dkt. 18-295,
at 3 (Feb. 15, 2019) (recommending that the FC@pérgher power fixed client devices if
under control of an access point coordinated thiagAFC).
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larger distances with larger throughpttThe use of a maximum PSD limit, combined with the
use of the AFC, is sufficient for protection of imibent systems. Indeed, limits on overall
power tend to penalize devices that use wide batttiaii Because deployment of broadband
services is one of the objectives of this procagdime Commission should not adopt an overall
power limit that would artificially constrain thdiity to use wide bandwidths.

Power limits defined by PSD are consistent withR&'s approach in the 3.5 GHz
CBRS band. There, the Commission adopted powdslimased on the maximum EIRP in any
10 megahertz bandwidth; in other words, the powatd are based on power spectral density.
In that situation, the devices are required to suppansmit power control capability to limit the
maximum EIRP for both base station and end usdace&wn response to instructions from a
SAS Likewise, 6 GHz unlicensed devices must be abdjust output power levels in
response to commands from the AFC. Accordinglynakes sense to define power limits in a
similar way, and Verizon reiterates that the PSRrof unlicensed device in the 6 GHz band
should be limited to a maximum EIRP of 50 dBm iy 20 megahertz bandwidth, and must be
able to reduce that power level upon demand oAfE.

C. The Commission Should Reject Proposalsto Allow Low Power Indoor or
Very-Low-Power Unlicensed Devicesto Operate without AFC Control.

Notwithstanding record support for centralized A¢@htrol of unlicensed access points
to enable higher powered operations, some comneestek to allow low power indoor (“LPI1”)
or very-low-power unlicensed devices to operatihné6 GHz band without AFC control. The

Commission should reject these proposals. Regardiepower level or location, proposals to

5% verizon Comments at 10-11.
¢ See47 C.F.R. § 96.41.
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allow such unlicensed devices to operate without ABntrol present unacceptable risks to
licensed incumbent uses.

The Commission should reject proposals to allow Ipawer indoor devices to operate
without AFC. Some commenters argue that LPI unlicensed dewieenot likely to cause
harmful interference and should therefore be altbteeoperate in the band free of registration
with the AFC>’ The 6 GHz RLAN Group, for example, claims thai bPerations in parts of
the 6 GHz band are “not vulnerable to interferermefause LPI devices “would be subject to
substantial building loss (i.e., they operate amtioors) and sharply limited radiated power (i.e.,
they would operate at a maximum of only one WaltdBm) radiated power)® The record,
however, shows that these arguments are purelypige and should be rejected, as the
possibility of interference would impair incumbeqerations.

Numerous commenters—including the FWCC, AT&T, theidbhal Spectrum
Management Association, Ericsson, CTIA, AlterospSearch and others—emphasize that even
indoor low power devices may cause harmful interiee and should be required to coordinate
with the AFC system There are several reasons why the AFC must daitrdevices,

regardless of whether they are indoors or outdoors.

" SeeComments of Apple Inc., Broadcom Inc., Cisco Systémes., Facebook, Inc., Google
LLC, et al., ET Dkt. No. 18-295, at 3, 16-17 (F&b, 2019) (“6 GHz RLAN Group
Comments”); Comments of Broadcom, ET Dkt. No. 18,28 27-28 (Feb. 15, 2019)
("“Broadcom Comments”); Charter Communications, @omments, ET Dkt. No. 18-295, at 3
(Feb. 15, 2019); Qualcomm Inc. Comments, ET Dkt. N83295, at 10 (Feb. 15, 2019);
Comments of Wi-Fi Alliance, ET Dkt. No. 18-295,141-11 (Feb. 15, 2019).

%8 See6 GHz RLAN Group Comments at 3-4, 19.

%9 See, e.g.Comments of Fixed Wireless Communications CeaiitET Dkt. No. 18-295, at 9-

10 (Feb. 15, 2019) (“FWCC Comments”); AT&T Commeatd8-19; CTIA Comments at 20;
Alteros Comments at 13-14; Comsearch Commentsldt 8ce alsdcComments of National
Spectrum Management Association, ET Dkt. No. 18;2032 (Feb. 15, 2019) (stating that there
is “no evidence low powered unlicensed indoor tnaitters pose no threat of interference to
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First, there is no guarantee that any shieldinmfbwilding penetration losses will be
present in all indoor scenarios. Rather, lossédd@ibased on the device location within a
building, and the building construction and matefi& FWCC, for example, points to research
showing that radio local area networks (“RLANs”s#&d indoors even at low power can cause
interference.® FWCC explains that, taking into account the widthhe antenna boresight, an
RLAN located just a few meters off the ground ioree- or two-story house can threaten
interference, and therefore “attenuation from boddwalls may be insufficient to block” that
interferencé? Likewise, the Association of Federal Communigasi€onsulting Engineers
demonstrates that the attenuation from buildindsasid windows is not a realistic barrier to
prevent interference to broadcast licensees, notbagmany BAS operations are conducted

indoors®® More broadly, Comsearch emphasizes that “theme mssurance that unlicensed

licensed operations”); Comments of Federated Was2IET Dkt. No. 18-295, at 6 n. 7 (Feb. 15,
2019) (noting that “indoor and/or low power opesatis not a panacea for effective incumbent
protection”); Ericsson Comments at 20-21 (indicgtihat “uncontrolled indoor devices pose a

serious interference threat to the interference-ngeration of FS stations”).

0 See, e.g AT&T Comments at 10-11 (noting that factors sastthe relative elevation of the
antenna and the height of the building housingutileeensed operations and its construction
materials all complicate many assumptions madelbdNRadvocates and the FCC, “falling far
short of any justification for aarte blancheexception for low-power, indoor operations”);
FWCC Comments at 21 (explaining that no realissimeate of wall attenuation can be a single
number, and the value will typically vary over @ast 10-20 dB according to the details of
construction and the geometry of the emitter redatod columns, joists, windows, etc.);
Comments of the National Association of Broadcastem Dkt. 18-295, at 11 (Feb. 15, 2019)
("NAB Comments”) (recognizing that building pendtoa losses are “a complex function of
building material, arrival angle, relative locatidrequency and other factors”).

61 FEWCC Comments at 10, 19-22.
®2 See idat 10.

%3 SeeComments of the Association of Federal CommunicatiBonsulting Engineers, ET Dkt.
18-295, at 1-2 (Feb. 15, 2019) (“AFCCE Comments&e alsdNAB Comments at 9 (“Plainly,
indoor BAS operations are squarely in the crosshHairharmful interference from indoor
unlicensed devices operating with similar poweelsy);id. at 11 ([T]he ineffectiveness of
building shielding has already been shown to h&irous problem in the 2.5 GHz bands, where
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devices operating indoors will not interfere witlicrowave services,” citing interference
simulations demonstrating locations where LPI dedeployment could cause interference into
licensed microwave receivers across the entire556225 GHz band in Dall&s.

Second, there is no real way to enforce indooraiars—nothing prevents a person
from taking a device meant for indoor only openatémd installing it in an outdoor location. As
NAB and Engineers for the Integrity of Broadcastxary Services Spectrum (“EIBASS”)
explain, there is “no guarantee” or “no easy wagrneure” that devices will only be operated
indoors, and the mechanisms proposed by the F@@Gdare indoor operation can easily be
defeated® For example, requiring a direct connection tcA@noutlet can be defeated with an
extension cord, outdoor outlet, or battery-operatedrter®® Further, EIBASS notes that Part
15 devices have a long history of causing chrattierference to BAS operatiofs.

And third, not all locations are clearly indoorautdoor in nature. An above ground
parking garage, for example, may have concretengsibind floors but sides that are open to the
outside. Similarly, sports arenas and stadiums—&BAS services are often u§&e-may
include open seating and playing areas but covawadession and restroom areas.

LPI devices must be controlled by the AFC basedeaiworld conditions. The level of

interfering signal that is present at a receiveteermined not only by the power level of the

BAS channels 8 and 9 ... overlap with or suffer froat-of-band emissions from Wi-Fi
channels 9 and 10 ....").

4 Comsearch Comments at 8, 14.

%5 SeeComments of the Engineers for the Integrity of&tcast Auxiliary Services Spectrum,
ET Dkt. 18-295, at 4-6 (Feb. 15, 2019) (“EIBASS Goemnts”); NAB Comments at 12.

¢ SeeEIBASS Comments at 5: NAB Comments at 12.
%7 SeeEIBASS Comments at 8.

® This includes video links that are used to broatisporting events, and wireless microphones
that are used in concerts, or on-field intervie®BgeNAB Comments at 2.
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transmitter, but also by the separation distanted®n the two. Even low power devices will
cause interference when they are very close tweaded receiver. As the City of Los Angeles
notes, signal strengths at the limits of operaliénaHz link ranges are significantly lower than
at the emitter, and receivers on long-distanceslime designed to be more sensitive to ensure
they pick up these weaker signéis“Excluding these access points from the AFC weiflult,
particularly in dense urban environments like Dawwt Los Angeles, in unlicensed 6 GHz
access points operating in close proximity to semsexisting 6 GHz links® As a result, they
are more sensitive to interference and “may nahide to coexist with even lower-power access

points.”*

Without AFC registration, there is no realistieans of tracking down such access
points in the event of interferenée.

Second, the Commission should reject proposalsltova“very-low-power” devices to
operate without AFC control The 6 GHz RLAN Group, Apple, Broadcom and otherge
asked the FCC to authorize a category of very-lowgr 6 GHz devices—at a maximum
transmit power of 14 dBm EIRP—to operate withoutCAgontrol both indoors and outdoors,

including in vehicles® A number of these same parties have asked thse tvery-low-power”

devices be permitted to operate across all foupgsed sub-band$.

% Seelos Angeles Comments at 14.
OSee idat 15.

"t See idat 14-15.

2See idat 15.

3 See, e.g.6 GHz RLAN Group Comments at 4, 35-38; Commefh#pple, Inc., ET Dkt. 18-
295, at 7-9 (Feb. 15, 2019) (“Apple Comments”); &tcom Comments at 27-30; Comments of
Facebook Inc., ET Dkt. 18-295, at 5-6 (Feb. 15,3 @1Facebook Comments”); Comments of
the Hewlett Packard Enterprise Company, ET Dkt2%98B; at 7 (Feb. 15, 2019) (“Hewlett
Packard Comments”).

" SegFacebook Comments at 5-6; Hewlett Packard Comnagrits
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Verizon opposes creating a new very-low-power atds®n-AFC controlled devices in
the band. These “anywhere, at any point” devigdsinterference to fixed point-to-point and
BAS licensed uses. Indeed, there is no practieglte prevent the operation of such devices in
moving vehicles or on a mobile basis, which incesa$e risk of interference without constant
AFC review. As Southern explains, the risk is ‘i@ great” that such devices will “come into
range of licensed microwave receivers and causef@nence before the location of the device
can be identified and corrective action takéh.”

Moreover, permitting a new very-low-power classinfethered unlicensed devices is not
the best use of this valuable mid-band spectrumate&d, the Commission should explore the
potential to authorize such very-low-power devirethe 57-71 GHz band, which is ideal for

low power applications.

> Comments of Southern Company Services, Inc., ET T8295, at 18-19 (Feb. 15, 2019).
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V. CONCLUSION

For the reasons stated above, the Commission sleuridh a~urther Noticeto consider
flexible use licensing in the upper portion of 8:&Hz band, and it should apply a cloud-based,
automated, IP-connected AFC management framewagkdble unlicensed use in the lower
portion of the 6 GHz band, while protecting incumibkcensed services. By acting now to
make more mid-band spectrum available for bothcenked and licensed uses, the Commission
can promote continued innovation and investmendee¢o lead the world in 5G and next
generation wireless technologies and services.
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